PROJECTOR WITH FOREIGN MATTER DETECTING MEANS 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention: 
5 The present invention relates to a projector having a projection 

mirror for reflecting projection image light generated by an image generating 
device to project an enlarged image onto a projection surface such as an exter- 
nal screen or the like, and more particularly to a projector which is designed for 
higher luminance and has a foreign matter detecting means. 

10 2. Description of the Related Art: 

Projectors for projecting an enlarged view of image light gener- 
ated by an image generating device onto a projection surface such as an exter- 
nal screen or the like are used in various applications. In recent years, efforts 
have been made to increase the luminance of images projected by projectors, 

15 and, as a result, more and more projectors project highly intensive light to form 
bright images. Accordingly, such projectors have projection lens that are 
heated to very high temperatures. 

Recently, there has been disclosed a projector having a housing 
from which projection light is emitted through an opening defined in the hous- 

20 ing, and a projection mirror for reflecting the projection light to project an image 
onto a projection surface. 

As shown in Fig. 1 of a schematic side elevational view, projector 
50 has housing 51 with opening 52 defined therein. Opening lens 53 for pro- 
jecting projection light is disposed in opening 52. Housing 51 supports thereon 

25 projection mirror 54 disposed in confronting relation to opening lens 53. When 
projector 50 is in use, projection image light 55 generated by an image generat- 
ing device is emitted through opening lens 53 from opening 52, and reflected by 



projection mirror 54 to project an enlarged image onto an external screen (not 
shown). A light source, the image generating device, and an optical system of 
projector 50 are omitted from illustration. Projection mirror 54 may also be used 
as a lid for opening 52, and may be turned down to close opening 52 when pro- 
5 jector 50 is not in use. 

Japanese laid-open patent publication No. 1 1-1 19343 discloses 
a projection-mirror-type projector as shown in Figs. 2A and 2B of the accompa- 
nying drawings. The disclosed projector comprises light source 64, liquid crys- 
tal display device 65, projection mirror 63 for projecting projection light modu- 
lo lated by an image which is displayed by liquid crystal display device 65 onto an 
external screen or the like, a pair of reflection mirrors 66, 67 for reflecting the 
projection light from liquid crystal display device 65 toward projection mirror 63, 
and housing 61 which accommodates therein the projection optical system in- 
cluding light source 64, liquid crystal display device 65, and reflection mirrors 
15 63, 66, 67. 

Housing 61 has opening 62 provided therein between liquid crys- 
tal display device 65 in housing 61 and projection mirror 63, for emitting the 
projection light from liquid crystal display device 65 toward projection mirror 63. 
Projection mirror 63 is angularly movably mounted on housing 61 for selectively 

20 opening or closing opening 62. Projection mirror 63 serves as part of the pro- 
jection optical system when it opens opening 62, and serves as a lid for open- 
ing 62 when it closes opening 62. 

As described above, with the projector having the projection mir- 
ror, the opening lens and the reflection mirrors which are heated to a relatively 

25 high temperature are exposed out of the housing. Furthermore, when foreign 
matter such as a user's finger, an object in the room, or dust particles enters 
the opening, a sharp temperature rise occurs because the projection light di- 
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rected toward the projection mirror is blocked by the foreign matter. Since such 
a sharp temperature rise may possibly cause a burn on the user or a fire in 
worst cases, some countermeasures need to be combined with the projector. 

For example, in case a detecting circuit with a sensor assembly 
5 for simply detecting foreign matter that enters the opening is added, huge quan- 
tities of sensors are needed. In case the sensor assembly generally detects 
foreign matter in a wide range of space, there needs a plurality of sensors. Fur- 
thermore, as the size of foreign matter to be detected is smaller, the sensor as- 
sembly requires an increased number of sensors, and hence the detecting cir- 
10 cuit becomes larger in circuit scale. 

If the projection-mirror-type projector disclosed in Japanese laid- 
open patent publication No. 1 1-1 19343 is designed for higher luminance, then 
the intensity of the projection light in the vicinity of the reflection mirrors is in- 
creased, resulting in a higher temperature at those reflection mirrors. However, 
15 there is nothing disclosed in Japanese laid-open patent publication No. 11- 

1 19343 about countermeasures against foreign matter which may possibly find 
its way into the path of the projection light. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a projector 
20 which is of a relatively simple structure and is capable of efficiently detecting 
foreign matter, even if it is small in size, in a relatively large range of space. 

To achieve the above object, a projector according to the pre- 
sent invention has an image generating device for generating an image, a 
housing, the image generating device being disposed in the housing, the hous- 
25 ing having an opening defined therein for emitting therethrough projection light 
representing the image from the image generating device, a projection mirror 
mounted on an outer surface of the housing for reflecting the projection light to 
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project the image onto a projection surface, optical means disposed in the 
opening for applying the projection light from the image generating device to 
the projection mirror, and foreign matter detecting means for detecting foreign 
matter which enters a light path of the projection light between the optical 
5 means and the projection mirror. 

The foreign matter detecting means comprises a light-emitting 
element for emitting foreign matter detection light for detecting foreign matter 
across the light path of the projection light, a plurality of detection mirrors for 
reflecting the detection light across the light path of the projection light, a light- 

10 detecting element for detecting the detection light which has been reflected by 
the detection mirrors, and an electric circuit for controlling the projector in re- 
sponse to an output signal, representing the detected foreign matter detection 
light, from the light-detecting element. 

The light-emitting element comprises a semiconductor light- 

15 emitting device such as a semiconductor laser, a light-emitting diode (LED), or 
the like, for emitting the detection light which has a wavelength different from 
the wavelength of the projection light. The light-detecting element comprises a 
semiconductor light-detecting device such as a photodiode or the like. 

The detection mirrors of the foreign matter detecting means 

20 comprise two detection mirrors which are disposed in confronting relation to 
each other across the light path of the projection light, for reflecting the detec- 
tion light in multiple paths therebetween. Alternatively, a plurality of the detec- 
tion mirrors are disposed in confronting relation to each other across the light 
path of the projection light, for reflecting the detection light successively there- 

25 between. 

The electric circuit comprises a detecting circuit for detecting 
whether the detection light is detected or not in response to the output signal 
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from the light-detecting element, a lamp control circuit for turning on and off a 
light source lamp which emits the projection light, in response to an output sig- 
nal from the detecting circuit, a timer circuit for monitoring the output signal from 
the detecting circuit for a predetermined period of time to determine whether 
5 the projector is in a dangerous situation or not, and a power supply control cir- 
cuit for turning on and off a power supply of the projector in response to the de- 
termination made by the timer circuit. 

As described above, according to the projector of the present in- 
vention, the foreign matter detecting means is disposed in a region near the op- 

10 tical means where the projection light emitted from the opening in the housing 
is highly intensive, and detects the entry of foreign matter to keep the region 
near the optical means in safety. When the foreign matter detecting means de- 
tects foreign matter that enters the light path of the projection light, the light 
source lamp is turned off and the power supply is turned off for safety. The 

15 light-emitting element of the foreign matter detecting means is arranged so as 
not to spread the beam of the detection light or so as to give some directivity to 
the beam of the detection light. The detection mirrors for reflecting the detec- 
tion light from the light-emitting element is disposed between the light-emitting 
element and the light-detecting element to guide the detection light to the light- 

20 detecting element, so that the blocking of the detection light by foreign matter 
can be detected. The light-emitting element and the light-detecting element 
which are provided in a pair are easily capable of detecting small foreign matter 
that has entered the light path in a relatively large range of space with a mini- 
mum circuit scale. 

2 5 The above and other objects, features, and advantages of the 

present invention will become apparent from the following description with ref- 
erence to the accompanying drawings which illustrate examples of the present 
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invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a side elevational view of a conventional projection- 
mirror-type projector; 

5 Fig. 2A is a plan view of another conventional projection-mirror- 

type projector; 

Fig. 2B is a side elevational view of the conventional projection- 
mirror-type projector shown in Fig. 2A; 

Fig. 3 is a perspective view of a projector according to a first em- 
10 bodiment of the present invention; 

Fig. 4 is a side elevational view of the projector according to the 
first embodiment of the present invention; 

Fig. 5 is a plan view of a foreign matter detector of the projector 
according to the first embodiment of the present invention; 
15 Fig. 6 is a block diagram of the foreign matter detector; 

Fig. 7 is a plan view of a foreign matter detector of a projector 
according to a second embodiment of the present invention; 

Fig. 8A is a plan view of a projector according to a third embodi- 
ment of the present invention; and 
20 Fig. 8B is a side elevational view of the projector according to the 

third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 3 shows in perspective a projector according to a first em- 
bodiment of the present invention, and Fig. 4 shows in side elevation the pro- 
25 jector according to the first embodiment of the present invention. 

As shown in Figs. 3, projector 1 comprises housing 2 having 
opening 3 for emitting therethrough projection light to project an image onto a 
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projection surface. Opening lens 4 is disposed in opening 3 and projection mir- 
ror 5 is mounted in confronting relation to opening lens 4. The interior of open- 
ing 3 is sealed to prevent dust particles and other foreign matter from entering 
through opening 3 into housing 2. 
5 As shown in Fig. 4, projector 1 also comprises an optical system 

disposed in housing 2. The optical system includes light source lamp 21 for 
emitting projection light, image generating device 22 for generating an image, 
and reflection mirrors 23, 24 for guiding the projection light to opening lens 4. 
Image generating device 22 comprises, for example, a liquid crystal display de- 
10 vice, a DMD (Digital Micromirror Device), or the like. Although not shown, pro- 
jection mirror 5 may be disposed on a lid that is capable of closing opening 3 in 
housing 2, and when projector 1 is not in use, opening 3 may be closed by the 
lid. 

Image projection light 6 generated by image generating device 
15 22 is emitted through opening lens 4 and applied to projection mirror 5, which 
reflects image projection light 6 and projects an enlarged image thereof onto 
external screen 1 1 . 

On the light path between image generating device 22 and open- 
ing lens 4, image projection light 6 has its light beam substantially not spread, 
20 i.e., not diverged. Therefore, image projection light 6 that is emitted from open- 
ing lens 4 toward projection mirror 5 has such a very high intensity that the air 
in the light path of image projection light 6 is heated to a high temperature. Fur- 
thermore, when foreign matter such as a user's finger, an object in the room 
where the projector is installed, or dust particles blocks image projection light 6, 
2 5 a sharp temperature rise occurs and tends to cause dangerous situations. If 
the temperature of the region where the image projection light is emitted is to 
be lowered, then the image projection light may be spread into a light spot 
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greater than image generating device 22. However, such a solution would not 
be preferable because it would require the opening and the housing to be in- 
creased in size. 

According to the present embodiment, foreign matter detector 26 
5 is disposed between opening lens 4 and projection mirror 5 in a range to be de- 
tected of the light path of image projection light 6 for preventing dangerous 
situations from being developed which would tend to occur when foreign matter 
enters the light path that is kept at a relatively high temperature between open- 
ing lens 4 and projection mirror 5. 

10 Fig. 5 shows in plan structural details of foreign matter detector 

26. As shown in Fig. 5, foreign matter detector 26 comprises light-emitting 
element 8 for emitting detection light 12, a plurality of detection mirrors 9 for re- 
flecting detection light 12 emitted from light-emitting element 8, and light- 
detecting element 10 for detecting detection light 12 reflected by detection mir- 

15 rors9. 

Housing 2 has a pair of confronting side walls 7 on the sides of 
opening 3. Light-emitting element 8, detection mirrors 9, and light-detecting 
element 10 are mounted on the confronting surfaces of side walls 7. Detection 
light 12 emitted from light-emitting element 8 travels transversely across the 
20 light path of image projection light 6 between opening lens 4 and projection mir- 
ror 5. 

Detection light 12 is then reflected a plurality of times efficiently by detection 
mirrors 9, and accurately detected by light-detecting element 1 0. 

Light-emitting element 8 comprises a semiconductor light- 
25 emitting device such as a semiconductor laser for emitting infrared rays, a light- 
emitting diode (LED), or the like, and is arranged so as not to spread the beam 
of emitted detection light 12 or so as to give some directivity to the beam of 
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emitted detection light 12. Light-detecting element 10 comprises a semicon- 
ductor photo-detecting device such as a phototransistor, a photodiode, or the 
like. Detection mirrors 9 are disposed in mutually confronting positions. Detec- 
tion light 12 emitted from light-emitting element 8 is reflected by the reflecting 
5 surfaces of detection mirrors 9, and reliably applied to light-detecting element 
10. If required, each of detection mirrors 9 has an angle adjusting function to 
adjust the angle of tilt of the reflecting surface thereof. Foreign matter detector 
26 itself may have an angle adjusting function. In Figs. 3 and 5, two detection 
mirrors 9 are shown as being disposed in confronting relation to each other. 

10 However, the number of detection mirrors may be increased if necessary. 

The wavelength of detection light used by foreign matter detector 
26 should preferably be selected so as to be different from the wavelengths of 
image projection light 6 emitted to display images, i.e., so as to be different 
from the wavelengths of visible light rays. Detection mirrors 9 should preferably 

15 be provided for exclusive use in detection of foreign matter. Since such dedi- 
cated detection mirrors 9 can be positioned so as not to reflect the image pro- 
jection light, the contrast of projected images is prevented from being lowered. 

Fig. 6 shows in block form foreign matter detector 26 according 
to the first embodiment. As shown in Fig. 6, foreign matter detector 26 has 

2 0 electric circuit 1 8 for processing a signal that is generated when foreign matter 
enters the light path of image projection light 6. If foreign matter detector 26 
detects that the detection light 12 is blocked by foreign matter that enters the 
light path, then foreign matter detector 26 turns off light source lamp 21 . If for- 
eign matter detector 26 detects that the detection of foreign matter does no 

2 5 longer exist, then foreign matter detector 26 turns on light source lamp 21 again 
to emit image projection light. If foreign matter detector 26 detects the elapse 
of a period of time for which foreign matter has been detected as being danger- 
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ous, then foreign matter detector 26 turns off the power supply of projector 1 . 

Electric circuit 1 8 of foreign matter detector 26 comprises detect- 
ing circuit 13 for detecting whether the detection light 12 is detected or not in 
response to output signal from light-detecting element 10, lamp control circuit 
5 1 4 for turning on or off light source lamp 21 in response to an output signal from 
detecting circuit 13, timer circuit 15 for monitoring the output signal from detect- 
ing circuit 1 3 for a certain period of time to determine whether there has been 
developed a dangerous situation or not, and power supply control circuit 1 6 for 
turning on or off the power supply In response to the determination made by 

10 timer circuit 15. 

In electric circuit 1 8, as a result of the detection by light-detecting 
element 10 an output signal is supplied to detecting circuit 13, which deter- 
mines whether the detection light 1 2 is detected or not in response to an H/L 
output level of the output signal. For example, if the detection light 12 is de- 

15 tected indicating that projector 1 is normal, then detecting circuit 13 outputs an 
H-level output signal. If the path of the detection light 12 is blocked and hence 
the detection light 1 2 is not detected indicating that projector 1 is abnormal, 
then detecting circuit 13 outputs an L-level output signal representing that for- 
eign matter has entered the light path between opening lens 4 and projection 

20 mirrors. 

If detecting circuit 13 determines that the detection light 12 is not 
detected, then lamp control circuit 14 judges that projector 1 is in a dangerous 
situation, and de-energizes light source lamp 21 . Lamp control circuit 14 forci- 
bly turns off a lamp energization control device to de-energize light source lamp 
25 21 . Specifically, lamp control circuit 1 4 changes the voltage of the lamp energi- 
zation control device with a switching device such as a transistor to de-energize 
light source lamp 21 . If the foreign matter is removed and the detection light 12 
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is detected again, lamp control circuit 14 energizes light source lamp 21 again 
to resume the emission of the image projection light. 

Rather than de-energizing light source lamp 21 , an image output 
may be cut off. When an image output is cut off, projector 1 displays an all- 
5 black image, i.e., emits no image projection light from opening lens 4. There- 
fore, the light path between opening lens 4 and projection mirror 5 is reliably 
prevented from being heated to a high temperature. For example, an image 
switcher or OSD (On-Screen Display) switcher, an image output unit, or an IC 
(Integrated Circuit) may be controlled to intercept images. If images are inter- 

10 cepted at a stage prior to the OSD switcher, then an OSD message such as an 
error message can be displayed. 

Timer circuit 1 5 monitors checking several times the H/L output 
level from detecting circuit 13, indicating whether detection light 12 is detected 
or not, at intervals of several seconds on a software basis. For example, timer 

1 5 circuit 1 5 employs a counter of a timer circuit function built in a CPU (Central 
Processing Unit), and confirms one time the voltage level indicating that no de- 
tection light 1 2 is detected, every second. If timer circuit 1 5 finds the L output 
level to be constant for 10 seconds, then timer circuit 15 judges that foreign 
matter is present in the light path and projector 1 is in a dangerous situation. 

20 The period of time for which timer circuit 1 5 monitors the output level from de- 
tecting circuit 13 may be set to any desired length of time of timer circuit 15. 

Power supply control circuit 16 turns off the power supply in re- 
sponse to the determination of a dangerous situation by timer circuit 1 5. Power 
supply control circuit 16 has a switching device such as a transistor, for exam- 

2 5 pie, for switching the ON control terminal voltage of the power supply to turn on 
or off the power supply. Alternatively, power supply control circuit 1 6 turns on 
or off the power supply with an IC on a software basis. 
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After power supply control circuit 16 has turned off the power 
supply, and when the power supply is turned on again, if the detection of for- 
eign matter by foreign matter detector 26 has not yet been canceled, then 
power supply control circuit 16 interrupts the turning-on of the power supply. 
5 When foreign matter is detected, power supply control circuit 16 warns the user 
by displaying an error such as a foreign matter failure by light-emitting diodes, a 
display panel, or the like. After power supply control circuit 16 has turned off 
the power supply, and when the power supply is turned on again, if the detec- 
tion of foreign matter by foreign matter detector 26 has been canceled, then 

10 power supply control circuit 16 turns on the power supply. 

In case an image output is shut off rather than turning off light 
source lamp 21 , then an error message is displayed as a warning by the OSD. 
In case an image output is shut off upon detection of foreign matter, then only 
the original image signal is shut off at a stage prior to the OSD switcher. Since 

15 projector 1 displays an all-black image and can display only an OSD image, an 
error message can be displayed on the screen for the user to confirm the error. 
The error message is preferably of a size that is so small as not to make the 
projection light hot, e.g., of a size that is not greater than 1/10 of the projected 
image size, and is of a brightness that is so small as not to make the projection 

20 light hot, e.g., of a brightness achieved by displaying a dark color such as gray 
or the like rather than white. 

According to the first embodiment, since the single detecting cir- 
cuit is capable of detecting whether foreign matter is present in the light path or 
not, projector 1 is made up of a minimum number of parts and is highly efficient. 

25 Projector 1 thus has a reduced number of parts, consumes a reduced current, 
and can be manufactured at a reduced cost. Projector 1 can also be used in 
safety even if it is desired for higher luminance because it has detecting circuit 
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13 for preventing a sharp temperature rise due to foreign matter. 

Fig. 7 shows in plan a foreign matter detector of a projector ac- 
cording to a second embodiment of the present invention. The number of de- 
tection mirrors for reflecting detection light emitted from the light-emitting ele- 
5 ment is selected depending on a range of space where to detect foreign matter 
and the size of foreign matter to be detected. If the number of times that the 
detection light is reflected is to be increased, then the number of detection mir- 
rors may be increased. According to the second embodiment, however, as 
shown in Fig. 7, two relatively large detection mirrors 19 are disposed in con- 

10 fronting relation to each other across the light path, such that detection light 12 
is reflected at a plurality of points on each of detection mirrors 19. According to 
the second embodiment, a range of space where to detect foreign matter can 
be established as desired by changing the size of the detection mirrors and the 
number of times that the detection light is reflected thereby. By reducing 

15 spaces between the light beams reflected by each detection mirror, the foreign 
matter detector can detect relatively small foreign matter. The spaces between 
the light beams reflected by each detection mirror can be selected as desired 
depending on the size of foreign matter to be detected. 

Fig. 8A shows in plan a projector according to a third embodi- 

20 ment of the present invention, and Fig. 8B shows in side elevation the projector 
according to the third embodiment of the present invention. The projector ac- 
cording to the third embodiment has a reflection mirror 38 for reflecting image 
projection light to the projection mirror, instead of opening lens 4 described 
above. 

25 As shown in Figs. 8A and 8B, the projector comprises housing 

32 having opening 33 for emitting therethrough projection light. An inner wall of 
opening 33 has emission port 34 for emitting therethrough image projection 
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light from image generating device 22. Protective lens 35 through which the 
image projection light from image generating device 22 passes is disposed in 
emission port 34. The interior of opening 33 is sealed and emission port 34 is 
closed by protective lens 35 for preventing dust particles from entering through 
5 opening 33 into housing 32. 

Image projection light from image generating device 22 is re- 
flected by reflection mirror 37, passes through protective lens 35 in emission 
port 34, and is applied to reflection mirror 38. The image projection light that is 
applied to reflection mirror 38 is reflected thereby and applied to projection mir- 

10 ror 39, which reflects the image projection light to project an image represented 
thereby onto a projection surface. 

As in the projectors according to the first and second embodi- 
ments, the projector according to the third embodiment has foreign matter de- 
tector 40 for detecting foreign matter which enters the light path of the image 

15 projection light between reflection mirror 38 and projection mirror 39. Details of 
foreign matter detector 40 will not be described below as it is identical in struc- 
ture to foreign matter detector 26 of projector 1 according to the first embodi- 
ment. 

While preferred embodiments of the present invention have been 
2 0 described using specific terms, such description is for illustrative purposes only, 
and it is to be understood that changes and variations may be made without 
departing from the spirit or scope of the following claims. 
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